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Abstract
A Nickel base alloy powder was deposited on stainless steel using a powder injection laser beam device. The influence of
processing conditions on the geometrical aspects of laser claddings is studied. The morphology and metallurgical structure of the
layer were investigated. Sections of such coatings were examined to reveal their morphology and microstructures using confocal
microscopy and electron microscope (SEM). The results showed that different solidification morphologies, such as planar,
cellular and dendrites formed, varying from the interface to the surface. Owing to the hard phases formed in the clad layer, the
Vickers hardness is strongly enhanced and may reach 700 HV. The relation between processing parameters and cladding
mechanical properties is discussed
© 2009 Elsevier B.V.
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1. Introduction
Laser cladding is one of the possible methods of surface modifications which favors the formation of hard phases
and improves corrosion wear and other surface related properties of components [1-3]. It is also an advanced
material processing technology that has potential for Nickel base alloys which are widely used in glassware industry
applications. They exhibit unique physical and chemical properties [4-6] for coating parts working at high
temperature in order to ensure a protection against corrosion and abrasion. They can also replace cobalt hard alloys
in some special cases, such as valves in nuclear engineering. In recent years, these alloys have been the subject of
increased research activity and several intensive investigations aimed at understanding their various metallurgical
and mechanical characteristics [7-9]. The powder projection under laser beam process represents a promising
method for high quality crystalline coatings [10-12]. The Ni-Cr-B-Si alloys are easy to deposit because of their low
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melting temperature and their self fluxing properties. It has been shown that they are mainly responsible for the
hardness, particularly the high hot hardness [13-14]. The mechanical properties can be improved by optimizing the
geometrical features of laser cladding. In the present work, the influence of laser beam melting on the microstructure
and properties of the nickel base alloy coating is examined. The purpose was to study the influence of processing
conditions on the geometrical aspects of laser claddings. These results were used in establishing relations between
the nature of phases, and structural properties of this complex alloy.
2. Experimental procedure
2.1 Laser deposit
A nickel based alloy powder (PEM 133) having the composition (in weight percent) 0.65C-3.15B-4.5Si-15Cr-
4Fe-Ni balance was deposited on XC38 substrate as shown in Fig.1. Specimens (rectangular pieces 180x70x10mm3)
were mounted on a numerically controlled X-Y table and irradiated with a continuous CO2 laser with a power going
up to 3.6kW. The laser beam is focused by a spherical 10 inch Zn-Se lens. The powder is injected in the laser beam
with a METCO 4MP spray system. This powder is molten partially or completely, accelerated to high velocities and
propelled through a coaxial nozzle onto the substrate surface. When sample is scanned, argon cover gas was used to
prevent oxidation.
Fig.1. Schematic illustration of laser coating process
2.2 Optimization of the laser-processing conditions
The first stage of the optimization sequence is the determination of laser processing parameters, in which
homogeneous and sound surface layers can be obtained, with a small dilution of the addition element into substrate.
This requires a very limited surface melting of this substrate. Various tests were performed on laser power ranging
from1500 to 2500W, scanning rate of the sample under the laser beam ranges between 10 and 15mms-1, interaction
time is varied from 0.35 to 0.45 s and powder feed rate is fixed at 30g/mn.
3. Microstructural characterization
For optical micrography and geometrical determination, samples were sectioned, metallographically polished and
cleaned using the following reagent: 150 cm3 HCL, 25g K2Cr3O7, 50cm3 H2O Keller's reagent. A typical cross-
section of cladding is shown in Fig.2. This cladding, with a thickness between 0.5 and 1.5mm can be characterized
by:
- Soundness and absence of porosity in the surface layer.
- Homogeneity of the deposit dimensions (width and thickness).
- Small dilution of the addition element.
The microstructure of coatings and the interface (deposit/substrate) were studied by means of scanning electron
microscope technique. The microstructure is shown in figure.3. The cladding /substrate interface is wavy. The
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microstructure of cladding showed columnar growth traversing the cross section. Part of the structure is equiaxial
because of undercooling; the balance is cellular or dendritic, which is typical of laser cladding.
Fig.2.Typical micrograph showing transverse Fig.3. Microstructure at the coating-substrate
section of deposit interface
4. Observations by 3D microscope
Images of the treated zone were created with the use of three dimensional infinite Focus microscope. Using an
image –processing program, the profiles of the treated different zones were reconstituted as illustrated in Fig.4 and
the contrast of color probably indicates the existence of structures having a different proprieties.
Fig.4. Image of deposit using 3D infinite Focus microscope
The micrographs shown in Fig.5 taken at the sample morphology are characterized by a low uniformity caused by
the difference of melting temperatures of the powder (nickel-based) and the substrate.
The time of melting and solidification of the deposit and the substrate are crucial in the formation of alloy surface
(structural and mechanical) and the generation of surface tension.
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Fig.5. Micrographics shown the morphology of the deposit
using 3D infinite Focus microscope .
5. Metallurgical characterization
The analysis of the different phase was performed on bulk specimens obtained by melting powder in the furnace
of a Differential Thermal Analysis device (DTA). These specimens were slowly solidified and cooled at a rate of
300°C. The compositions of the phases obtained in the present investigation are given in table 1.
Table 1. Composition of the different phases
CBFeCrSiNiat. %
2.613.93.412.87.560nominal
520.446.61CrB
243666M23C6
30-360.561-651M7C3
25-272.93.766-68Ni3B
1.542569Ni3Si
6.56.510.577eut.
In the case of studied composition, the primary phase should be M7C3 followed by the formation of CrB. The
solidification microstructure of the rapidly cooled cladded layer consisted predominantly of nickel rich cellular
dendrites and interdendritic lamellar eutectic Ni3Si/Ni3B. The same area obtained with different contrast is shown in
Fig.6. The darker phase corresponds to facetted M7C3 carbides and the grey phase to CrB borides. The clear areas
correspond to nickel solid solution and the grey areas to a very fine eutectic structure Ni3Si/Ni3B.
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Fig.6. Electron micrographs of the same area with different contrast showing the different shape of phases
6. Mechanical properties
A Vickers's microhardness tester was used to determine the hardness in various locations along the transversal
section of deposit as shown in Fig.7. In this figure, the average value of microhardness of the laser cladded layer is
560 Hv0.2 which is higher than that of the substrate (average: 320 Hv0.2).
Fig.7. Microhardness profile along the deposit
7. Results and discussion
Fig.7. shows the curve of increasing microhardness (Hv) versus depth of penetration. From this curve, it can be
seen that the increase in microhardness is rapid at the interface and attains saturation at the surface coating. This
300
350
400
450
500
550
600
0 1 2 3 4 5
Depth (mm)
deposit substratSubstrate
E. Boussaha et al. / Physics Procedia 2 (2009) 1147–1152 1151
6 E. Boussaha et al. / Physics Procedia 00 (2009) 000–000
increase may be due to the different hard phases formed in the deposit and to higher cooling rates obtained in Ni-
based laser coating.
In fact, the microhardness is not homogeneous either in the coating or in the TAZ (thermally affected zone)
because of microstructure instability. Therefore, important fluctuations of microhardness have been recorded.
A hardness increase is achieved owing to structure refinement. The hardness is determined by the microstructure
variations, depending on the chemical composition of different phases formed in the deposit.
Observations indicate that for Ni-alloy coatings, the laser parameters selected for good quality of deposit have an
influence on the microstructure. But researches have to be continued before concluding for a specific role of shape
factor and disorientation of hard phases.
Conclusion
Based on a study of the influence of laser melting and coating composition on the hardness and the residual
stresses in nickel based alloy deposit, the following conclusions are made:
(1) The microstructure solidification of cooled cladded layer consisted predominantly of nickel rich cellular
dendrites and interdendritic lamellar eutectic borides and complex M7C3 type carbides.
(2) The evolution of the hardness with coating thickness proves that the mechanical properties level is controlled
by the microstructure.
(3) The best optimization of coatings properties can be obtained by a correlation of microstructure and
mechanical properties (microhardness and residual stresses).
References
[1] H.T. Steine, W. Simm, Intern. J. of Powder.Metall. And Powder. Technol. 18(1982) 57.
[2] T. Puig, J.L. Derep, G. Coquerelle, M. Condat, Application des lasers en métallurgie (1987)103-111.
[3] O. Knotek, E Lugscheider, J. Vac. Sc. Technol. 11 (1974) 798.
[4] J.M. Pelletier, M.C. Sahour, M. Pilloz, A.B. Vannes, Journal of Materials Science 28 (1993) 5184.
[5] M. Durand-Charre, M.C. Sahour, A.B. Vannes, Metallurgical structure of Nickel Base Hard Facing Laser Deposit. RM & HM September
(1989) 152.
[6] A. Mtynarczak, K. jozwiak, G. Mesmacque, Advanced Engineering Materials (2003) 789-793.
[7] B. Kampfe, Matrials Scienceand engineering A288 (2000) 119.
[8] H.W. King, T.A. Caughlin, D.R. Nagy, Journal of Advanced Materials 1 (2001) 63.
[9] V. Barrioz, J. Stuart, C. Ivrine, D. Paul Jones, Advanced Engineering Materials 4 (2002) 550-554
[10] M. Laribi, N. Mesrati, M. Laracine, A.B. Vannes, D. Théreux, Mat.&Tech. 9-10 (2001) 15.
[11] S. Takeutchi, M.Ito, K.Takeda, Surface & Coatings Technology 43 (1990) 426.
[12] F.Durit, P.Benaben, Matériaux et Techniques 3-4 (2000) 25.
[13] T.A.M. Haemers, D.G. Rickerby, F. lanza, F.Geiger, E.J. Mittemeijer, Journal of Materials Science 35 (2000) 5691.
[14] J.S. Selvan, K. Subramanian, Journal of Materials Science 28 (2003) 4783.
1152 E. Boussaha et al. / Physics Procedia 2 (2009) 1147–1152
